Introduction
The 5q-syndrome is a hematologic malignancy characterized by a distinct phenotype and interstitial deletion of the long arm of chromosome 5.
1,2 One particular clinical feature of patients with 5q-syndrome is a longer survival compared to patients with other types of myelodysplastic syndrome (MDS). 3 Despite many candidate genes within the commonly deleted region, RPS14, which is an integral part of the 40S ribosomal subunit, could be identified as a primary candidate gene and its loss may be causative for the 5q-syndrome. 4 Recently, deletions within the RPS14 coding region were found in MDS patients without concurrent cytogenetic aberrations on chromosome 5 (non-5q-MDS). 5 To further clarify the role of RPS14 in non-5q-MDS, we examined bone marrow derived CD34 + selected cells from 72 patients with various types of non-5q-MDS with regard to their level of RPS14 gene expression and its possible prognostic relevance.
Design and Methods

Patient and donor characteristics
All patients examined were diagnosed with MDS at our department and included in the Duesseldorf MDS Registry. Bone marrow samples were obtained between 2001 and 2006 according to institutional guidelines following approval by the local ethics committee. All 83 patients and 11 normal donors gave written informed consent. The median age was 70 years (range 38-86 years) and 76 years (range 28-85) for patients and normal donors, respectively. Fifty patients (61%) were male. MDS types diagnosed according to WHO classification were as follows: 4 5q-syndrome, one refractory anemia (RA), one RA with ringsideroblasts (RARS), 17 refractory cytopenia with multilineage dysplasia (RCMD), 16 ringsideroblastic RCMD (RSRCMD), 13 RA with excess of blasts (RAEB) I, 15 RAEB II and 16 secondary acute myeloid leukemia following MDS (sAML). Overall, 11 patients had deletions on the long arm of chromosome 5 of which 4 had 5q-syndrome and 7 had additional cytogenetic aberrations (5q-MDS). For prognosis and survival analyses, only the 72 patients with non-5q-MDS were evaluated. Of these 72 patients, 2 had low, 33 interme 
Sample preparation and quantitative RT-PCR
Bone marrow CD34 + cells were selected using immunomagnetic beads as published. 6 RNA was purified as described 6 and samples were stored at -80°C. For detection and quantification of mRNA levels of RPS14 and GAPDH the LightCycler 1.2 technology (Roche, Mannheim, Germany) was used. PCR reactions were performed using the LightCycler-FastStart DNA Master SYBR Green I kit (Roche To further clarify the role of ribosomal protein S14 (RPS14) in myelodysplastic syndrome, we examined RPS14 transcription in bone marrow derived CD34+ cells from patients with non-5q-myelodysplastic syndrome and found a reduced expression of RPS14 in 51 of 72 (71%) patients. MDS patients with an intermediate-1 risk (INT-1) score according to the international prognostic scoring system and low RPS14 expression had a superior median overall survival of not reached versus 25 months compared to INT-1 patients with high RPS14 expression (p=0.0249). Using multivariate analysis, the RPS14 expression status was confirmed as an independent predictor for survival in INT-1 patients.
out in a final volume of 20 µL using 0.5 µM of each primer, 4 mM MgCl2, 2 µL supplied enzyme mix containing the reaction buffer, FastStart Taq DNA polymerase and DNA double-strand specific SYBR Green I dye for the detection of PCR products were used. The PCR protocol was as follows: 480 s preincubation at 95°C; 45 cycles of 15 s at 95°C, 5 s at 63°C and 20 s at 72°C. To test the specifity of the PCR, the reaction products were subjected to melting curve analysis with the LightCycler system and to conventional agarose gel electrophoresis to rule out synthesis of unspecific products. Primer sequences were as follows: RPS14 forward: 5´-ATG TTG GCT GCC CAG-3´; RPS14 reverse: 5´-GGT CTT GGT CCTATT TCC TC3´-; GAPDH forward: 5´-TCC ATG ACA ACT TTG GTA TCG-3´; GAPDH reverse: 5´-GTC GCT GTT GAA GTC AGA GGA-3´. 
Statistical methods
Overall survival was calculated from the day of sample collection. Overall survival was estimated according to the Kaplan-Meier method. The equality of survival between different groups was tested using the log-rank test. Prognostic factor analysis was performed with Cox's multivariate regression method.
Results and Discussion
To test the accuracy of our assay to detect a reduced RPS14 gene expression level, we first compared RPS14 mRNA levels in CD34 + cells of 11 normal donors and 11 patients with deletions on the long arm of chromosome 5 (5q-MDS). Here, RPS14 expression in 5q-MDS patients was reduced by a median fold change of -1.69 (range 3.9 to -7.75) as compared to normal donors (Online Supplementary Figure 2A) . This fold of reduction is perfectly in line with previous studies analyzing the gene expression profile of CD34 + cells from patients with 5q-syndrome in comparison to normal donors, where a -1.46 fold of reduction of RPS14 expression was reported. 7 We continued our analysis with bone marrow derived CD34 + cells from 72 patients with various types of non-5q-MDS and found a reduced RPS14 expression by at least -1.5-fold in 51 patients (71%). While 13 of 31 (42%) patients with early MDS (RA, RARS, RCMD, RS-RCMD) had low RPS14 expression (Online Supplementary Figure 2B) , the respective proportion in patients with advanced MDS (RAEB I, RAEB II, sAML) was 93% (38 out of 41 patients, Online Supplementary Figure 2C ). This high number of patients with advanced MDS and decreased RPS14 expression might be the result of clonal proliferation with an increased proportion of presumably RPS14 low expressing CD34 + blast cells within the whole CD34 + population as, to this date, no deletion or mutation of both alleles or pathological 
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hypermethylation of any of the genes within the commonly deleted region, including RPS14, could be detected. 8, 9 One potential mechanism leading to the reduced RPS14 expression in patients with non-5q-MDS without blast excess, may involve small deletions in the gene encoding RPS14 as recently demonstrated in such patients. 5 A specific genomic event is the cause for the reduced RPS14 expression in patients with 5q-syndrome and considering the superior survival of these patients, we wondered if the RPS14 expression status may also have prognostic relevance in non-5q-MDS patients. Therefore, we continued our analysis according to the patients' IPSS risk score, which is a well established prognostic tool for patients with MDS. 10 When using the respective median deltaCT values to discriminate RPS14 low and high expressing patients, we did not find any differences with regard to overall survival when the analysis was confined to patients with IPSS INT-2 or high-risk MDS. Interestingly, as far as the 33 INT-1 patients are concerned, the group of INT-1 patients with low RPS14 expression (INT-1 low) had not yet reached their median overall survival in contrast to those INT-1 patients with high RPS14 expression (INT-1 high) whose median overall survival was 25 months (p=0.0249). With a median follow-up of 40 months (range 9-91 months, Figure 1 ), a significant survival advantage for patients with low RPS14 expression and an INT-1 risk score was observed. On multivariate analysis the RPS14 expression status was identified as a significant independent predictor for survival in the 33 INT-1 risk patients (Table 1) analyzed here, indicating that the RPS14 expression status may be used to separate two distinct INT-1 risk groups with different prognosis. As it has been shown that lenalidomide-responsive non-5q-patients have a gene expression signature, which resembles a defect in erythroid differentiation 11 and that loss of RPS14 expression in CD34
+ cells causes such a phenotype, 2 one may speculate that the individual RPS14 expression status might help to identify patients with IPSS intermediate risk who will most likely respond to treatment with lenalidomide. Taken together, we confirmed a low RPS14 expression in MDS patients with 5q-aberrations and found that low RPS14 expression levels can also be commonly observed in patients without 5q-aberrations. Of clinical relevance, a low RPS14 expression level is apparently associated with a favorable prognosis in patients with INT-1 risk MDS.
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